Nonreinforced retrieval can cause extinction and/or reconsolidation, two processes that affect subsequent retrieval in opposite ways. Using the Morris water maze task we show that, in the rat, repeated nonreinforced expression of spatial memory causes extinction, which is unaffected by inhibition of protein synthesis within the CA1 region of the dorsal hippocampus. However, if the number of nonreinforced retrieval trials is insufficient to induce long-lasting extinction, then a hippocampal protein synthesis-dependent reconsolidation process recovers the original memory. Inhibition of hippocampal protein synthesis after reversal learning sessions impairs retention of the reversed preference and blocks persistence of the original one, suggesting that reversal learning involves reconsolidation rather than extinction of the original memory. Our results suggest the existence of a hippocampal protein synthesis-dependent reconsolidation process that operates to recover or update retrieval-weakened memories from incomplete extinction.
Consolidation is the protein synthesis-dependent process that stabilizes new memories and makes them resistant to pharmacological and traumatic disruption (McGaugh 1966) . Since the observation that trained animals re-exposed to reminder cues along with hypothermia or electroconvulsive shock show diminished retrieval (Misanin et al. 1968; Lewis et al. 1972) , several authors have suggested that at the time of retrieval consolidated memories become vulnerable again (Przybyslawski and Sara 1997; Przybyslawski et al. 1999) . It was proposed that in order to endure after retrieval, memories must undergo a further round of protein synthesis-dependent stabilization called reconsolidation (Nader et al. 2000a; Nader 2003; Eisenberg and Dudai 2004 ).
This hypothesis is based on the original finding that intraamygdala administration of the protein synthesis inhibitor anisomycin (ANI) at the time of retrieval hinders memory expression of one form of fear conditioning in succeeding sessions (Nader et al. 2000a ). Since then, several laboratories have found similar results with other paradigms in different animal models, and using other inhibitory treatments given systemically or into other brain regions (Debiec et al. 2002; Kida et al. 2002; Pedreira et al. 2002; Eisenberg et al. 2003; Sangha et al. 2003; Lee et al. 2004; Gainutdinova et al. 2005; Inda et al. 2005; Merlo et al. 2005; Stollhoff et al. 2005) . In a few cases, the effect of potentially stimulant treatments (strychnine, cocaine, glucose, fructose, and PKA activators) on memory reconsolidation has also been studied (Rodriguez et al. 1993; Horne et al. 1997; Tronson et al. 2006) .
It has been earlier proposed (Nader et al. 2000b; Sara 2000; Dudai 2002 ) and recently reported (Frenkel et al. 2005; Rodriguez-Ortiz et al. 2005; Tronson et al. 2006 ) that reconsolidation might serve not only to maintain but also to strengthen or update retrieved memories. Despite all this, the reconsolidation hypothesis is not unanimously accepted, and several laboratories, including ours, have failed to detect it in well-known learning paradigms (Dawson and McGaugh 1969; Squire et al. 1976; Biedenkapp and Rudy 2004; Cammarota et al. 2004; Hernandez and Kelley 2004; Mileusnic et al. 2005; Power et al. 2006) .
In particular, two issues are still matters of intense debate. First, nonreinforced retrieval has long been known to initiate memory extinction (Pavlov 1927; Rescorla 2001) . Second, many studies reported that the impairment produced by post-retrieval treatments is short-lasting, with recovery of memory occurring within hours or days (Judge and Quartermain 1982; Vianna et al. 2001; Anokhin et al. 2002; . Unless those changes are shown to last (e.g., Debiec et al. 2002; Milekic and Alberini 2002; Izquierdo and Cammarota 2004; Lee et al. 2004) or, alternatively, are demonstrated to result from a time-and brain region-dependent process, it will be difficult to determine conclusively whether the amnesia induced by post-retrieval treatments represents a disruption of memory storage, an enhancement of extinction, or just a temporary performance effect.
The hidden-platform version of the Morris water maze task (MWM) is perhaps the paradigm most utilized to analyze the participation of the hippocampus in spatial memory (Bures et al. 1997; Redish and Touretzky 1998; De Hoz et al. 2004; Schimanski and Nguyen 2004) . It has been reported that in rats the intracerebroventricular infusion of the protein synthesis inhibitor anisomycin (ANI) blocks acquisition of the memory associated with this task (Meiri and Rosenblum 1998) , and that in mice intraperitoneal (Suzuki et al. 2004) but not subcutaneous (Lattal and Abel 2001; ) ANI hinders reconsolidation and extinction. However, at present there are no studies about the consequences of hippocampal protein synthesis inhibition in the consolidation and post-retrieval persistence of the MWM memory. Therefore, here we investigated the effect of the intrahippocampal infusion of ANI on the retention and post-retrieval stability of the memory for a spatial preference in the MWM learning task.
Results
Post-training intra-hippocampal infusion of ANI blocks spatial memory retention First, we determined whether protein synthesis is indeed required in the hippocampus for consolidation of the memory for the spatial (hidden platform) version of the MWM. Bilateral infusion of the protein synthesis inhibitor anisomycin (ANI; 160 µg/side) into the CA1 region of the dorsal hippocampus immediately after each daily training session blocked the improvement in latency to find the platform seen in vehicle-infused animals ( Fig. 1A ) (F (1,20) = 83.21; P < 0.001). A probe test in the absence of the escape platform carried out 24 h after the last training session confirmed that ANI blocked consolidation of the MWM memory. Rats that received vehicle during training spent more time searching in the target quadrant than those given ANI, which showed no spatial preference for any quadrant (t (20) = 11.61; P < 0.001 vs. VEH, Fig. 1B ). The effect of ANI was completely reversible, and the animals normally acquired the memory for the task once the post-training infusions were halted (not shown).
ANI (160 µg/side) did not affect spatial memory retention when given into CA1 at 3 h (F (1,14) = 0.68; P > 0.1, Fig. 1C and t (14) = 0.38; P > 0.1, Fig. 1D ) or 6 h (F (1,14) = 3.87; P > 0.1, Fig. 1E and t (14) = 0.10; P > 0.1, Fig. 1F ) after the end of each training session. Moreover, intra-CA1 ANI (160 µg/side) had no effect on retention of the memory for the nonspatial version of the MWM task (F (1,14) = 0.69; P > 0.1, Fig. 1G ).
Intra-hippocampal infusion of ANI after a single nonreinforced retrieval session blocks subsequent memory retention
We next examined whether inhibition of hippocampal protein synthesis after nonreinforced retrieval had any effect in the persistence of the memory for the MWM. To that end, rats that had been trained for 5 d in the spatial version of the task were submitted to a probe test either 24 or 120 h after the last training session and, immediately following that, received bilateral intra-CA1 injections of vehicle or ANI (160 µg/side; Fig. 2 ). Memory retention was evaluated in a second probe test carried out either at 2, 24, or 120 h after the first one. ANI reduced to chance levels the time spent in the target quadrant during the second probe test regardless of the time spanned between the last training trial and the first probe test or between the first and the second probe test, except for those animals exposed to the second probe test 2 h after the first one ( Fig. 2A,B) . ANI had no effect on memory retention when infused into CA1 at 24 h (Fig. 2C ) or 120 h (Fig.  2D ) post-training in the absence of a behaviorally relevant event or when injected in that hippocampal region immediately after a test session carried out 24 h (Fig. 2E ) or 120 h (Fig. 2F) after training in the presence of the escape platform. Moreover, ANI did not affect subsequent memory retention when infused into CA1 at 3 h (Fig. 3A ,B) or 6 h (Fig. 3C,D) after a probe test carried out 24 or 120 h post-training.
Intra-hippocampal infusion of ANI after a series of consecutive nonreinforced retrieval sessions does not affect extinction but blocks spontaneous recovery of the spatial preference.
There are just two explanations for the results presented above: Either nonreinforced retrieval induces memory reconsolidation, which is blocked by intra-CA1 ANI, or ANI given into CA1 after nonreinforced retrieval enhances memory extinction. Earlier reports on the effect of protein synthesis inhibition in memory extinction do not help to decide between these two possibilities. It has been shown that protein synthesis inhibitors block extinction of different memory types (Vianna et al. 2001; Myers and Davis 2002; Bahar et al. 2003; Santini et al. 2004) , although it has also been reported that, under certain conditions, inhibition of protein synthesis might actually enhance memory extinction (Fischer et al. 2004) .
To conciliate these findings with the reconsolidation hypothesis, it has been proposed that, depending on the strength of the reactivated trace or the number and/or length of the nonreinforced sessions, retrieval would initiate two competing processes, extinction and reconsolidation, with the dominant one being the most affected by protein synthesis inhibition (Nader 2003; Dudai 2004) .
Therefore, to analyze this issue further, rats trained in the MWM were submitted to either 16, eight, or four consecutive 60-sec probe tests (Fig. 4) . Sixteen probe tests induced complete extinction of the spatial preference (F (15,210) The blocking effect of ANI on recovery of the original memory was even more evident when this drug was infused into CA1 after just four extinction sessions. As can be seen in Figure  4C , four consecutive probe tests reduced the time spent in the target quadrant (F (3,57) = 18.67; P < 0.001 in repeated measures ANOVA), but 24 h later the original memory fully recovered, leaving no remnants of extinction in control animals. However, spontaneous recovery did not occur in rats that received intra-CA1 ANI immediately after the fourth extinction session (t (18) = 4.41; P < 0.001 vs. VEH in the first test of Day 2; Fig. 4C Day 2).
Intra-hippocampal infusion of ANI after reversal learning blocks retention of both original and reversed spatial preferences If after MWM learning is established the hidden platform is moved to the opposite quadrant of the training pool, the animals need to replace the original spatial map by a new one in order to still be able to escape from the water. Reversal learning has been taken to imply a special form of extinction that, instead of being expressed as disappearance of the original response, is manifested as a new spatial preference . However, it is clear that acquisition of the reversed response strongly relies on knowledge about the original position of the platform and on other, nonspatial, procedural components of the task, including swimming and climbing to the escape platform, as well as the awareness of such a possibility. In fact, reversal learning is fast, suggesting that it preserves part of the original mnemonic trace and accrues to it information about the novel position of the platform, thus representing an experimental situation during which new data are added to a well consolidated trace, and, hence, reconsolidation would be expected to occur (Sara 2000; Nader 2003) .
Therefore, we decided to analyze whether reversal learning results from extinction of the original memory or if it is a consequence of a process that puts the original trace in a vulnerable state to allow its reconsolidation into an updated spatial prefer-ence. We reasoned that if reversal learning involved extinction of the original trace, then inhibition of extinction should impair the reversed preference, leaving unaffected the original memory; i.e., a treatment able to block reversal learning should allow reinstatement of the original response. On the contrary, if reversal learning was a consequence of original memory reconsolidation, then inhibition of this process should hamper both retention of the reversed preference and persistence of the original one; i.e., a treatment able to block reversal learning should also impede reinstatement of the original memory. To answer this question, rats were trained in the MWM for 5 d. On day 6 the escape platform was moved to the opposite quadrant of the pool, and the animals were given eight consecutive trials to find the platform in its new location. Immediately after that, they received bilateral intra-CA1 infusions of vehicle or ANI (160 µg/side; Fig.  5A ). Memory retention was evaluated in a probe test carried out either at 2, 24, or 120 h after reversal learning.
Rats that received vehicle acquired the reversed spatial preference, but those given intra-CA1 ANI failed to do so (t (36) = 3.54; P < 0.01 vs. VEH at +24 h and t (20) = 2.49; P < 0.05 vs. VEH at +120 h; Fig. 5B ). The effect of ANI was not seen when the animals were tested 2 h post-training (t (22) = 1.06; P > 0.1 vs. VEH at +2 h; Fig. 5B ), suggesting that ANI-induced amnesia is not immediate. Interestingly, the animals that received ANI did not show preference for the initial quadrant either, indicating that reinstatement of the original memory had also been hindered (Fig. 5B , +24 h and +120 h).
Discussion
The results show that:
1. When injected into dorsal CA1 immediately but not 3 or 6 h after training in the MWM, ANI blocks retention of spatial memory. 2. ANI given into dorsal CA1 after a single probe test 24 or 120 h post-training hinders retention during a second probe test carried out 24 or 120 h but not 2 h after the first one; the effect was time-dependent and contingent with the nonreinforced retrieval of the mnemonic trace. 3. ANI does not affect extinction, but blocks spontaneous recov- Mean time spent in the target quadrant (TQ) during a 60-sec probe test carried out 24 h after the fifth training day for rats that received anisomycin (160 µg/side; ANI, black bar) or vehicle (VEH, white bar) in the CA1 region of the hippocampus as in A. Data are presented as mean (‫ע‬SEM). ***P < 0.001 vs. VEH in two-tailed Student's t-test; n = 11 per group. (C) Animals were trained as in A but received anisomycin (160 µg/side; ANI, black circles) or vehicle (VEH, white circles) 3 h after the last trial of each one of the five training sessions. Data are presented in blocks of eight trials as mean (‫ע‬SEM). F (1,14) = 0.68; P > 0.1 for treatment in two-way ANOVA; n = 8 per group. (D) Mean time spent in the target quadrant (TQ) during a 60-sec probe test carried out 24 h after the fifth training day for rats that received anisomycin (160 µg/side; ANI, black bar) or vehicle (VEH, white bar) in the CA1 region of the hippocampus as in C. Data are presented as mean (‫ע‬SEM). t (14) = 0.38; P > 0.1 in two-tailed Student's t-test; n = 8 per group. (E) Animals were trained as in A but received anisomycin (160 µg/side; ANI, black circles) or vehicle (VEH, white circles) 6 h after each training session. Data are presented in blocks of eight trials as mean (‫ע‬SEM). F (1,14) = 3.87; P > 0.1 for treatment in two-way ANOVA; n = 8 per group. (F) Mean time spent in the target quadrant (TQ) during a 60-sec probe test carried out 24 h after the fifth training session for rats that received anisomycin (160 µg/side; ANI, black bar) or vehicle (VEH, white bar) in the CA1 region of the hippocampus as in E. Data are presented as mean (‫ע‬SEM). t (14) = 0.10; P > 0.1 in twotailed Student's t-test; n = 8 per group. (G) Mean escape latencies during two training sessions in the nonspatial version of the Morris water maze of rats given anisomycin (160 µg/side; ANI, black circles) or vehicle (VEH, gray circles) in the CA1 region of the dorsal hippocampus. The arrow indicates the moment of infusion. Data are presented as mean (‫ע‬SEM); F (1,14) = 0.69; P > 0.1 during Session 2 in two-way ANOVA; n = 8 per group. (H) representative photomicrograph (top) and schematic drawing used with permission from Elsevier © 1986, from the atlas of Paxinos and Watson (1986) (bottom) showing the infusion site in dorsal CA1. ery of the spatial memory when given into dorsal CA1 after a series of consecutive nonreinforced retrieval sessions. 4. When injected into dorsal CA1 after reversal learning, ANI blocks retention of the reversed preference, but this blockade does not result in reinstatement of the original spatial memory.
Anisomycin and spatial memory consolidation
It has been demonstrated that inhibition of protein synthesis in different areas of the brain impairs memory consolidation of different tasks in species ranging from mollusks and arthropods to birds and mammals (Gibbs and Ng 1978; Barraco et al. 1981; Staubli et al. 1985; Crow and Forrester 1990; Pedreira et al. 1996; Grunbaum and Muller 1998; Ramirez et al. 1998; Wustenberg et al. 1998; Epstein et al. 2003; Ezzeddine and Glanzman 2003) .
Most findings indicate the existence of a critical time window for protein synthesis during or immediately after training, although some reports also point to a second phase of sensitivity of memory to protein synthesis inhibition 3-6 h post-training (Grecksch and Matthies 1980; Freeman et al. 1995) . In total agreement with previous findings showing that ANI completely blocks spatial memory in the MWM when given in the lateral ventricle at the time of training but not later (Meiri and Rosenblum 1998) , our experiments indicate that retention of this type of memory requires protein synthesis in the dorsal hippocampus during a restricted period that initiates right after training and lasts <3 h (Fig. 1) .
The fact that intra-CA1 ANI did not affect retention of the nonspatial version of the MWM, and that the effect of this drug on spatial memory was time-dependent and reversible, clearly indicates that the observed amnesia was not due to a permanent insult to hippocampal functionality or to impaired performance but to a bonafide inhibitory action of ANI on the consolidation process.
Intra-hippocampal anisomycin and the stability of reactivated spatial memory traces Broadly stated, consolidation theory postulates that, once acquired, memories undergo a stabilization process involving plastic modifications in synaptic efficacy and connectivity that make the trace resistant to interferences (McGaugh 1966) . It is obvious that consolidated memories are not immutable: Changes can be induced by false leads, additional learning, and neurohumoral influences during retrieval (Loftus and Palmer 1974; Izquierdo 1989; Schacter and Dodson 2001) . Consolidation theory alone, however, does not predict the existence of a specific mechanism to account for these observations. Based on findings first reported decades ago (Misanin et al. 1968; Mactutus et al. 1979; Judge and Quartermain 1982) , a considerable amount of evidence has shown that, upon nonreinforced retrieval, consolidated memories re-enter a vulnerable state during which they are again open to disruption and, to persist, must go through a new stabilization process referred to as reconsolidation (Sara 2000; Nader 2003; Eisenberg and Dudai 2004; Lee et al. 2004 ). Reconsolidation would be a behavioral phenomenon opposing extinction, the much better known and more classical retrieval-induced protein synthesis-dependent process that is caused by changes in the associative relationships that generated the original response (Pavlov 1927; Rescorla 2001) . Extinction is not equal to forget- 
ting: If it is interrupted for Ն1 d, the original response usually recovers spontaneously (Pavlov 1927) .
It has been suggested that extinction and reconsolidation are competing processes and that the process that prevails to dominate future behavior is the one ultimately affected by protein synthesis inhibition (Nader 2003; Dudai 2004) . The competition between extinction and reconsolidation seems to depend on the length and/or number of memory reactivation sessions (Pedreira and Maldonado 2003) . A brief re-exposure, like that caused by a short retrieval session, would induce reconsolidation, whereas longer or repeated reminder trials would result in extinction (Debiec et al. 2002; Eisenberg et al. 2003) .
We found that a single nonreinforced reactivation trial in the MWM, unable to initiate extinction, is enough to return the spatial memory trace to a phase during which it is vulnerable to hippocampal protein synthesis inhibition (Fig. 2) . The amnesic action of intra-hippocampal ANI was found to be timedependent, required >2 h to take hold, was seen only after nonreinforced reactivation, lasted for several days, and was independent of the age of the memory being reactivated (Figs. 2, 3) , suggesting that it was not caused by a delayed inhibitory effect on retrieval, but probably was due to inhibition of a process that stabilizes the retrieved trace.
Intra-hippocampal anisomycin and extinction of spatial memory
We also found that as the number of consecutive reactivation trials increases, so does the likelihood of inducing long-term extinction of spatial memory. One reactivation trial did not cause extinction. Four or eight trials induced incomplete extinction, as demonstrated by the fact that the learned spatial preference reappeared spontaneously. Sixteen trials induced a deeper extinction, after which there was no spontaneous recovery 1 d later (Fig. 4) . However, although it has been reported that systemic ANI given before MWM memory reactivation blocks either reconsolidation or extinction depending on the number of nonreinforced tests (Suzuki et al. 2004) , we found that intrahippocampal ANI did not affect spatial memory extinction after 16 trials. Instead, ANI blocked the spontaneous recovery of the initial memory that happened after four or eight consecutive probe tests (Fig. 4) .
These results have multiple implications. To begin with, they support the reconsolidation hypothesis as proposed by Sara (2000) and Nader et al. (2000a,b) . They do not necessarily endorse the notion that extinction and reconsolidation are competing processes (Nader 2003; Dudai 2004; Eisenberg and Dudai 2004) , at least concerning hippocampal protein synthesis at the time of retrieval. Here, unlike other tasks (Vianna et al. 2001 ), extinction seems not to depend on hippocampal protein synthesis; reconsolidation, instead, does depend on it.
In addition, and importantly, the present results also suggest that spontaneous recovery is not an unstructured phenomenon that merely reflects the re-emergence of the original memory, because that memory may regain strength in the context of a determined set of retrieval cues. Such a comeback would not require protein synthesis in the CA1 region of the hippocampus to occur. Here, we found that hippocampal protein synthesis inhibition does regulate the eventual occurrence of spontaneous recovery, and that this depends on the number of previous training trials. Others have shown it to be also dependent on the interval between acquisition and extinction and on the number of extinction trials (Sandoz and Pham-Delègue 2004) .
In fact, we have recently shown that extinction can be made so complete that, afterward, there is no spontaneous recovery, and relearning the original task requires protein synthesis as if the animals had to learn the task anew (Cammarota et al. 2003) . This suggests that, under certain circumstances, repeated reactivation without reinforcement may indeed produce extinction by attenuating some aspect of the pre-existing association, as proposed earlier (Robbins 1990 ). If viewed from this perspective, our present results could be taken as an indication that the fate of a spatial memory reactivated in the absence of reinforcement depends on the number of re-exposures. If this number is not enough to induce long-term extinction, then part of the trace is preserved and can be rebuilt through a protracted hippocampal protein synthesis-dependent reconsolidation process that results in the spontaneous recovery of the original memory. Conversely, when the number of nonreinforced reactivation sessions surpasses a certain threshold, the original response cannot be reconsolidated any more and becomes extinguished.
In a recent study on spontaneous recovery of appetitive learning in the honeybee, Stollhoff et al. (2005) showed that the protein synthesis inhibitor emetine does not affect extinction but inhibits spontaneous recovery after five extinction trials; they concluded that this spontaneous recovery resulted from reconsolidation of the original response. Further experiments will be needed to ascertain the real nature of spontaneous recovery. Twenty-four hours later (D6), animals were randomly assigned to one out of six experimental groups and submitted to a 60-sec probe test in the absence of the escape platform (PT1). Immediately after PT1, animals received intra-CA1 infusions of anisomycin (160 µg/side; ANI) or vehicle (VEH). The black arrow indicates the moment of infusion. Memory retention was assessed in a second 60-sec probe test (PT2) carried out either at 2, 24, or 120 h after PT1. Data are expressed as mean (‫ע‬SEM) percentage of time swimming in the target quadrant (TQ); **P < 0.01 vs. VEH during PT2 carried out at 24 h (+24 h; t [12] = 3.80) or 120 h (+120 h; t [12] = 3.73) after PT1; P > 0.1 vs. VEH during PT2 carried out 2 h after PT1 (+2 h; t [12] = 1.41). In all cases n = 7 per group. (B) Animals were treated exactly as in A except that PT1 was carried out 120 h (D10) after the last training session. **P < 0.01 vs. VEH during PT2 carried out 24 h after PT1 (+24 h; t [12] = 3.38); *P < 0.05 vs. VEH during PT2 carried out 120 h after PT1 (+120 h; t [12] = 2.51); P > 0.05 vs. VEH during PT2 carried out 2 h after PT1 (+2 h; t [12] = 0.25). In all cases n = 7 per group. (C) Animals with infusion cannulae implanted in the CA1 region of the dorsal hippocampus were trained during 5 d in the spatial version of the MWM (D1-D5). Twenty-four hours later (D6), animals were randomly assigned to one out of six experimental groups and received intra-CA1 infusions (INF) of anisomycin (160 µg/side; ANI) or vehicle (VEH). The black arrow indicates the moment of infusion. Memory retention was assessed in a 60-sec probe test (PT) carried out at either 2 h (+2 h; P > 0.1 vs. VEH, t [12] = 0.33), 24 h (+24 h; P > 0.1 vs. VEH, t [12] = 0.85), or 120 h (+120 h; P > 0.1 vs. VEH, t [12] = 0.34) after INF. Data are expressed as mean (‫ע‬SEM) percentage of time swimming in the target quadrant (TQ). In all cases n = 7 per group. (D) Animals were treated exactly as in C except that INF was carried out 120 h (D10) after the last training session; P > 0.1 vs. VEH during a PT carried out at 2 h (+2 h; t [12] = 0.02), 24 h (+24 h; t [12] = 0.79), or 120 h (+120 h; t [12] = 0.26) after INF. In all cases n = 7 per group. (E) Animals with infusion cannulae implanted in the CA1 region of the dorsal hippocampus were trained during 5 d in the spatial version of the MWM (D1-D5). Twenty-four hours later (D6), animals were randomly assigned to one out of six experimental groups and submitted to a retraining test (RT) in the presence of the escape platform. Immediately after RT, animals received intra-CA1 infusions of anisomycin (160 µg/side; ANI) or vehicle (VEH). The black arrow indicates the moment of infusion. Memory retention was assessed in a probe test (PT) carried out either at 2 h (+2 h; P > 0.1 vs. VEH, t [14] = 0.42), 24 h (+24 h; P > 0.1 vs. VEH, t [14] = 0.01), or 120 h (+120 h; P > 0.1 vs. VEH, t [14] = 1.44) after RT. Data are expressed as mean (‫ע‬SEM) percentage of time swimming in the target quadrant (TQ). In all cases n = 8 per group. (F) Animals were treated exactly as in E except that RT was carried out 120 h (D10) after the last training session; P > 0.1 vs. VEH during a PT carried out at 2 h (+2 h; t [14] = 0.81), 24 h (+24 h; t [14] = 0.20), or 120 h (+120 h; t [14] = 0.28) after INF. In all cases n = 8 per group.
Our results contradict those of Lattal and Abel (2001) , who found that in mice subcutaneous injection of ANI at the time of re-exposure to the MWM had no effect on subsequent memory retention. This negative result has been previously attributed to the length of the re-exposure session used (Suzuki et al. 2004) and, like other discrepancies found in the literature, might also be related to the fact that the effects of protein synthesis inhibitors on memory processing are highly dependent on methodological issues, including time and way of administration and the task and species studied. This observation could be quite important when comparing results in the MWM since mice show a very different behavioral response than rats when exposed to the training pool. In particular, floating and thigmotaxis tend to be more pronounced in mice than in rats, which may complicate testing (D'Hooge and De Deyn 2001) .
Is reconsolidation involved in reversal learning?
Notwithstanding how straightforward the interpretation of our results might seem, it must be noted that they were obtained using a behavioral protocol that, if repeated enough, induces the behavioral disappearance of the learned response. Is there any behavioral paradigm capable of inducing spatial memory reconsolidation as the primary outcome, or is this process secondary to the incomplete extinction of the original spatial preference?
During reversal spatial learning, animals redirect the original response and learn to swim to a different quadrant. This has been suggested to involve a special form of extinction of the original memory that is expressed as a new spatial preference ). This interpretation does not exclude other possibilities. Acquisition of the reversed response is faster than original learning, suggesting that, probably, many of the nonspatial components of the original trace do not extinguish during reversal learning but are used as a basis on which the original spatial trace is first weakened and later changed and stabilized into a reversed preference. If viewed from this angle, reversal learning may be considered to involve reconsolidation of the original response, a process that in the case of a real-life situation would be extremely adaptive.
We found that ANI given immediately after reversal learning not only blocked formation of the reversed preference but also hindered persistence of the original memory (Fig. 5) . If the amnesic effect of ANI on reversal learning had merely been due to inhibition of extinction of the original memory, the original spatial preference should have reappeared. This should also have happened if the strength and stability of the original trace were independent of a hippocampal protein synthesis-dependent process initiated by reversal learning. As seen in Figure 5 , this was not the case. Moreover, 1 or 5 d after eight consecutive reversal learning trials there was no inkling of a spontaneous recovery of the original spatial preference in control animals (Fig. 5) . This was contrary to what was seen after eight extinction trials (Fig. 4) , and suggests, therefore, that reversal learning does not rely only on extinction.
Our findings support the idea that reversal learning consists of reconsolidation of the original response with a new spatial cue rather than extinction and suggests that perhaps reconsolidation is induced not only when nonreinforced retrieval is ineffective to induce long-lasting extinction, but also when the reinforcer, even if present, does not match exactly the expectations derived from previous learning. In this respect, Rodriguez-Ortiz et al. (2005) have proposed that the reconsolidation process would be part of a mechanism able to incorporate updated information into previously consolidated memories.
Conclusions
Before ending, a cautionary comment is needed. The experiments presented here, like the majority of the results supporting the reconsolidation hypothesis, were obtained using the antibiotic ANI. As with most any other pharmacological agent, ANI has side effects. Therefore, an action other than protein synthesis inhibition could be responsible for any amnesia that this drug can produce. This has been recently pointed out by Rudy et al. (2006) and previously by Routtenberg and Rekart (2005) . It is Figure 3 . Inhibition of hippocampal protein synthesis 3 or 6 h after nonreinforced retrieval does not affect spatial memory retention. (A) Animals with infusion cannulae implanted in the CA1 region of the dorsal hippocampus were trained during 5 d in the spatial version of the MWM. Twenty-four hours later, the animals were randomly assigned to one out of four experimental groups and submitted to a 60-sec probe test in the absence of the escape platform (PT1). Three hours after PT1, animals received intra-CA1 infusions of anisomycin (160 µg/side; ANI) or vehicle (VEH). The black arrow indicates the moment of infusion. Memory retention was assessed in a second 60-sec probe test (PT2) carried out either 24 or 120 h after PT1. Data are expressed as mean (‫ע‬SEM) percentage of time swimming in the target quadrant (TQ). P > 0.1 vs. VEH during a PT2 carried out at 24 h (+24 h; t [16] = 0.92) or 120 h (+120 h; t [16] = 0.67) after PT1; n = 9 per group. (B) Animals were treated exactly as in A except that PT1 was carried out 120 h after the last training session. The black arrow indicates the moment of infusion. P > 0.1 vs. VEH during a PT2 carried out at 24 h (+24 h; t [14] = 0.57) or 120 h (+120 h; t [14] = 0.08) after PT1; n = 8 per group. (C) Animals with infusion cannulae implanted in the CA1 region of the dorsal hippocampus were trained during 5 d in the spatial version of the MWM. Twenty-four hours later, the animals were randomly assigned to one out of four experimental groups and submitted to a 60-sec probe test in the absence of the escape platform (PT1). Six hours after PT1, animals received intra-CA1 infusions of anisomycin (160 µg/side; ANI) or vehicle (VEH). The black arrow indicates the moment of infusion. Memory retention was assessed in a second 60-sec probe test (PT2) carried out 24 or 120 h after PT1. Data are expressed as mean (‫ע‬SEM) percentage of time swimming in the target quadrant (TQ). P > 0.1 vs. VEH during PT2 at 24 h (+24 h; t [16] = 0.47) or 120 h (+120 h; t [16] = 0.74) after PT1; n = 9 per group. (D) Animals were treated exactly as in C except that PT1 was carried out 120 h after the last training session. The black arrow indicates the moment of infusion. P > 0.1 vs. VEH during a PT2 carried out at either 24 h (+24 h; t [14] = 0.29) or 120 h (+120 h; t [14] = 1.21) after PT1; n = 8 per group. important to mention, however, that the caveats generated by the use of ANI to analyze the reconsolidation hypothesis do not apply only to this process but also to other memory and plasticity events, including consolidation, extinction, and long-term potentiation. At the dose we used, ANI does block hippocampal protein synthesis . The possibility that the observed amnesia was due to any deleterious effect of this drug on hippocampal functionality was discarded with the proper control experiments. However, our experiments cannot conclusively rule out the possibility that the amnesia induced by post-retrieval infusion of ANI in the CA1 region of the dorsal hippocampus represents just a temporary performance effect. Methodological constraints inherent to the task and to survival of cannulated animals prevented us from testing retrieval for longer periods than those reported.
In conclusion, our results indicate that consolidation of spatial memory requires hippocampal protein synthesis during a restricted post-training time window. They also suggest that retrieval labilizes spatial memory, but when nonreinforced expression is insufficient to induce long-term extinction, the weakened trace recovers through a hippocampal-dependent reconsolidation process that is blocked by ANI given into dorsal CA1 at the time of memory reactivation. In addition, our data indicate that inhibition of hippocampal protein synthesis does not affect spatial memory extinction but hinders reversal learning in a timedependent, long-lasting manner, probably due to blockade of original memory reconsolidation.
Materials and Methods

Subjects, surgery, and drug infusion procedures
Three-month-old male Wistar rats weighing 220-280 g and bred in our animal facility were used in the experiments. Animals were housed four to a cage and maintained at 22°C-23°C under a 12-h light/12-h dark cycle (lights on at 7:00 a.m.) with free access to food and water. To implant them with indwelling cannulae, rats were deeply anesthetized with thiopental (30-50 mg/Kg, i.p.), and 27-gauge cannulae were stereotaxically aimed to the pyramidal cell layer of the dorsal CA1 region using coordinates (A ‫,2.4מ‬ L ‫,0.3ע‬ V 1.4) taken from the atlas of Paxinos and Watson (1986) . Animals were allowed to recover from surgery during 4 d before submitting them to any other procedure. At the time of drug delivery, a 30-gauge infusion cannula was tightly fitted into the guides. Infusions (0.8 µL/side) were carried out over 60 sec, first on one side and then on the other; the infusion cannulas were left in place for 30 additional seconds to minimize backflow. Cannulae placement was verified postmortem: 2-4 h after the last behavioral test, 0.8 µL of a 4% methylene-blue solution was infused as described above, and the extension of the dye 30 min thereafter was taken as indicative of the presumable diffusion of the vehicle or drug previously given to each animal. A total of 760 animals were used. Only data from animals with correct cannulae implants (717 animals; 94.3% of the total) were included in the statistical analyses. All experiments were conducted blind to the treatment condition of the animals and fol- 
Drugs
Anisomycin (ANI) was purchased from Sigma and was first dissolved in 1 N HCl, the pH adjusted to ∼7 with 1 N NaOH, and further diluted to final concentration with saline. ANI was infused in the CA1 region at 160 µg/side.
Apparatus and training in the spatial version of the MWM
The water maze was a black circular pool (200 cm in diameter) conceptually divided into four equal imaginary quadrants for the purpose of data analysis. The water temperature was 21°C-23°C. Two centimeters beneath the surface of the water and hidden from the rat's view was a black circular platform (12 cm in diameter). It had a rough surface, which allowed the rat to climb onto it easily once its presence was detected. The swimming path of the rats was recorded using a video camera mounted above the center of the pool and analyzed using a video tracking and analysis system. The water maze was located in a well lit white room with several posters and other distal visual stimuli hanging on the walls to provide spatial cues. A curtain separated the water maze room from the room where the computer setup was installed and where the animals were temporarily housed during the behavioral sessions. Rats were handled 5 min per day for 3 d prior to training. Training in the hidden platform (spatial) version of the MWM was carried out during 5 consecutive days. On each day, rats received eight consecutive training trials during which the hidden platform was kept in a constant location. A different starting location was used on each trial, which consisted of a swim followed by a 30-sec platform sit. Any rat that did not find the platform within 60 sec was guided to it by the experimenter. The intertrial interval (ITI) was 30 sec. During the ITI, rats were carefully dried with a towel by the experimenter. When the purpose of the experiment was to analyze the effect of protein synthesis inhibition on the formation of the MWM memory, immediately, 3 h, or 6 h after the eighth trial in each training day rats were dried and moved to the injection room where they received bilateral intra-CA1 infusions of ANI or vehicle (saline). Memory retention was evaluated in a 60-sec probe trial carried out in the absence of the escape platform 24 h after the last training session. To evaluate the effect of ANI when given after memory reactivation, rats were trained for 5 d as indicated above before being submitted to a probe test in the absence of the escape platform either 24 or 120 h after the last training session. Immediately, 3 h, or 6 h after that, rats received intra-CA1 infusions of ANI or vehicle. Memory retention was evaluated in a second probe test carried out either 2, 24, or 120 h after the first one.
Extinction
To analyze extinction of the spatial preference, rats were trained in the spatial version of the MWM during 5 d as stated above, and 24 h after the last training session were submitted to four, eight, or 16 consecutive 60-sec probe tests (extinction trials) in the absence of the escape platform. Immediately after the last extinction trial, rats received bilateral intra-CA1 infusions of either ANI or vehicle. To evaluate the retention of extinction, 24 h later rats were submitted to eight additional extinction trials.
Reversal learning
Rats were trained in the spatial version of the MWM during 5 d as stated above, and 24 h after the last training session were submitted to eight 60-sec reversal trials in which the platform was placed in the opposite quadrant of the pool. Immediately after the last reversal trial, animals received intra-CA1 infusions of ANI or vehicle. Memory retention was evaluated in a probe test carried out either at 2, 24, or 120 h after the last reversal trial.
Training in the nonspatial version of the MWM
For training in the nonspatial version of the MWM task, we used the same tank employed for training in the spatial version of the task but surrounded it by a black curtain so there were no extrapool spatial cues available. A white circular disk 10 cm in diameter was mounted on top of the hidden platform so it was 10 cm above the water surface, indicating the position of the platform. Training in the cued version of the MWM was carried out during 2 consecutive days. On each day rats received eight consecutive 60-sec training trials with a 30-sec ITI. Both the starting location and the position of the platform were changed on each trial. Infusion of drugs was performed as stated above.
Statistical analysis
Data were analyzed by a two-tailed Student's t-test, repeated measures ANOVA, or a two-way ANOVA followed by Bonferroni posttests, as appropriate.
